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ABSTRACT 
 
This study was intended to study Enterobacteriaceae contamination of 
sheep livers at the abattoirs and retail sales. Fresh raw sheep liver specimens 
were randomly collected at two levels,the preparation level from Alkadro 
slaughterhouse in Khartoum North and Alsalam slaughterhouse in Omdrman 
and at marketing level from Khartoum North retail meat markets. Ninety 
liver specimens were collected from various sources: 15 from Alkadro 
slaughterhouse, 20 from Alsalam slaughterhouse and 55 from Khartoum 
North retail meat market. Twenty Three specimens were prepared as ready to 
eat dishes. Bacteriological studies were carried out on the specimens of the 
two levels to investigate the contamination with Enterobacteriaceae species 
and to estimate the hazards associated with consumption of raw sheep livers , 
a food habit in the Sudan .One hundred and forty bacterial isolates were 
identified to the species level , according to cultural characteristics and 
biochemical reactions: 23 (16.43%) were Citrobacter freundii, 21 (15%) 
Enterobacter cloacae, 20 (14.29%) Providencia alcalifaciens, 16 (11.43 %) 
Escherichia coli, 12 (8.57% )  Klebsiella pneumonia subsp. ozaenae, 11 
(7.85% ) Escherichia fergusonii, 9 (6.42%) Proteus mirabills , 8(5.71%) 
Serratia marcescens, 5 (3.57%) Enterobacter aerogenes, 4 (2.86%) 
Klebsiella pneumonia subsp. pneumonia, 3 (2.14%) Salmonella subgenus 
І,1(.71%) Salmonella paratyphi A, and 1 (.71%) for Proteus vulgaris 
biogroup 2. The results of the sensitivity test was variable. Most of  the 
species isolated were highly sensitive to chloramphenicol (100%) , followed 
by ciprofloxacin (96.23%) , ceftizoxime (94.34%) , Co-Trimoxazole 
(92.45%) , ofloxacin (88.68%), pefloxacin (83.02%) , cefotaxime (75.47%) 
and gentamicin (73.58%) , but they were highly resistant to ampicillin 
 iv
/sulbactam (92.45%),followed by tetracycline (71.70%) .The isolated 
Salmonella species and E. coli represented a public health hazard and Food 
poisoning bacteria  , while Citrobacter species, Enterobacter spp., Proteus 
spp. and Serratia spp. were considered as food spoiling bacteria. More 
species were isolated from retail meat markets than those isolated from 
slaughterhouses indicating poor hygiene in handling and storage. 
Consumption of uncooked liver dishes is a public health hazard . 
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 اﻟﻤﺴﺘﺨﻠﺺ
 
ﻩ اﻟﺪراﺳﺔ اﻟﻰ دراﺳﺖ ﻋﺎﺋﻠﺔ اﻟﻤﻌﻮﻳﺎت اﻟﻤﻠﻮﺛﺔ ﻟﻜﺒﺪة اﻟﻀﺄن ﺑﺎﻟﺴﻠﺨﺎﻧﺎت وأﺳﻮاق هﺪﻓﺖ هﺬ
اوﻻ ﻣﺮﺣﻠﺔ اﻟﺘﺤﻀﻴﺮ ﺣﻴﺚ : آﺒﺎد اﻟﻀﺎن اﻟﻄﺎزﺟﺔ ﻋﻠﻰ ﻣﺮﺣﻠﺘﻴﻦ أﻋﻴﻨﺔ ﻣﻦ  09ﺟﻤﻌﺖ . ﻟﺤﻮم اﻟﺘﺠﺰﺋﺔ
ﻓﻰ ﻣﺮﺣﻠﺔ اﻟﺘﺴﻮﻳﻖ  وﺛﺎﻧﻴﺎ ,ﻣﻦ ﻣﺴﻠﺦ اﻟﺴﻼم ﺑﺎﻣﺪرﻣﺎن  02ﻋﻴﻨﺔ ﻣﻦ ﻣﺴﻠﺦ اﻟﻜﺪرو ﺑﺒﺤﺮى و 51ﺟﻤﻌﺖ 
ﻋﻴﻨﺔ ﻣﻦ اﻟﻌﻴﻨﺎت  ﺛﻼﺛﺔ وﻋﺸﺮون اﺳﺘﺨﺪﻣﺖ .ﻋﻴﻨﺔ ﻣﻦ ﺳﻮق ﻟﺤﻮم اﻟﺘﺠﺰﺋﺔ ﺑﺒﺤﺮى   55 ﺟﻤﻌﺖﺣﻴﺚ 
ﺑﺎآﺘﻴﺮﻳﻮﻟﻮﺟﻴﺔ ﻓﻰ  ﺎتدراﺳ اﺟﺮﻳﺖ . اﻟﺘﻰ ﺟﻤﻌﺖ ﻣﻦ ﻣﺮﺣﻠﺔ اﻟﺘﺴﻮﻳﻖ ﻓﻰ ﺗﺤﻀﻴﺮ أﻃﺒﺎق ﺟﺎهﺰة ﻟﻸآﻞ
وﻟﺘﻘﺪﻳﺮاﻟﻤﺨﺎﻃﺮ اﻟﻤﺮﺗﺒﻄﺔ ,ﻣﺮﺣﻠﺘﻰ اﻟﺘﺤﻀﻴﺮ واﻟﺘﺴﻮﻳﻖ ﻟﺘﺤﺪﻳﺪ ﻣﺴﺘﻮى اﻟﺘﻠﻮث ﺑﻌﺎﺋﻠﺔ اﻟﻤﻌﻮﻳﺎت 
 ﻋﺰﻟﺔ  ﺑﻜﺘﻴﺮﻳﺔ 041ﺻﻨﻔﺖ .اﻟﺴﻮدان وهﻰ ﻋﺎدة ﻣﻨﺘﺸﺮة ﻓﻰ ( اﻟﻨﻴﺔ)ﺒﺪة اﻟﻀﺎن اﻟﻄﺎزﺟﺔ ﺑﺎﺳﺘﻬﻼك آ
 32 وﺗﻔﺎﻋﻼﺗﻬﺎ اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔ ﺣﻴﺚ اﻋﻄﺖ ﺻﻔﺎﺗﻬﺎ اﻟﻤﺰرﻋﻴﺔاﻋﺘﻤﺎدا ﻋﻠﻰ  اﻟﻰ ﻣﺴﺘﻮى اﻟﻨﻮع
  )92.41%(   02،  ﺎآﺘﺮآﻠﻮاآﻰاﻻﻧﺘﻴﺮوﺑ 12 ) 51%( اﻟﺴﺘﺮوﺑﺎآﺘﺮ ﻓﺮﻳﻮﻧﺪى )34.61%(
ﻧﻴﻤﻮﻧﻴﺎ اﻟﻜﻠﺒﺴﻴﻼ    21 ) 75.8%( ، اﻟﻘﻮﻟﻮﻧﻴﺔاﻻﻳﺸﺮﻳﺸﻴﺔ   61)34.11%( ،ﺲ اﻟﺒﺮوﻓﻴﺪﻳﻨﺴﻴﺎ اﻟﻜﻼﻓﺴﻨ
 8 ,اﻟﺒﺮوﺗﻴﺲ ﻣﻴﺮاﺑﻞ )24.6%( 9 ، اﻻﻳﺸﺮﻳﺸﻴﺔ ﻓﻴﺮﺟﺴﻮﻧﻰ  11 ) 58.7%( ,اوزﻧﻰ اﻟﻨﻮﻳﻊ 
اﻟﻜﻠﺒﺴﻴﻼ  4 ) 68.2%(  ،اﻻﻧﺘﻴﺮوﺑﺎآﺘﺮ اﻳﺮوﺟﻴﻨﺲ  ) 75.3%(  5 ،اﻟﺴﻴﺮاﺗﻴﺔ ﻣﺎرﺳﻴﻨﺲ  17.5%()
اﻟﺴﺎﻟﻤﻮﻧﻴﻼ ﺑﺮاﺗﺎﻳﻔﻰ  17.0%()  1،  Іاﻟﺠﻨﺲ  دوناﻟﺴﺎﻟﻤﻮﻧﻴﻼ   3 )41.2%(، ﻧﻴﺎﻴﺎ اﻟﻨﻮﻳﻊ ﻧﻴﻤﻮﻧﻴﻤﻮﻧ
ﺣﻴﺚ أﺑﺪت  . اﻟﺤﺴﺎﺳﻴﺔ  أﺧﺘﺒﺎر ﻓﻰ ﺗﺒﺎﻳﻨﺎأﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ . ﻴﻮﻟﺠﺎرسﻓاﻟﺒﺮوﺗﻴﺲ   17.0%(  ) 1 ، A
 و )32.69%(ﺳﺒﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ ﺗﻼﻩ ،  ()001%ﺣﺴﺎﺳﻴﺔ ﻋﺎﻟﻴﺔ ﻟﻠﻜﻠﻮراﻣﻔﻴﻨﻜﻮل  ﻣﻌﻈﻢ اﻻﻧﻮاع
،  )86.88%(اوﻓﻠﻮآﺴﺎﺳﻴﻦ و ، )54.29( آﻮﺗﺮاﻣﻮآﺰازول و،   )43.49%(ﺳﻴﻔﺘﺰوآﺴﻴﻢ
، آﻤﺎ اﺑﺪت  )85.37%(ﺟﻴﻨﺘﺎﻣﻴﺴﺴﻴﻦ و،  )74.57%(ﺳﻴﻔﻮﺗﺎآﺴﻴﻢ  و، )20.38%(ﺑﻴﻔﻠﻮآﺴﺎﺳﻴﻦ و
اﻷﻧﻮاع اﻟﻤﻌﺰوﻟﺔ ﻣﻦ ﺗﻌﺪ .   )07.17%(، ﺗﺘﺮاﺳﻴﻜﻠﻴﻦ )54.29%(ﻣﻘﺎوﻣﺔ ﻟﻼﻣﺒﺴﻠﻴﻦ ﺳﻠﺒﺎآﺘﺎم 
 ،ﻋﻠﻰ اﻟﺼﺤﺔ اﻟﻌﺎﻣﺔ وﻳﻤﻜﻦ ان ﺗﺆدى ﻟﺤﺎﻷت اﻟﺘﺴﻤﻢ اﻟﻐﺬاﺋﻰ ةﺮﺧﻄ اﻻﻳﺸﺮﻳﺸﻴﺔ آﻮﻻىاﻟﺴﺎﻟﻤﻮﻧﻴﻼ و 
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اﻋﺪاد اآﺒﺮ ﻋﺰﻟﺖ . ﻣﻔﺴﺪة ﻟﻸﻏﺬﻳﺔﻓﻬﻰ  اﻟﺴﻴﺮاﺗﻴﺔ،  اﻟﺒﺮوﺗﻴﺲ و اﻻﻧﺘﻴﺮوﺑﺎآﺘﺮو اﻟﺴﺘﺮوﺑﺎآﺘﺮأﻣﺎ أﻧﻮاع 
ﻣﻘﺎرﻧﺔ ﺑﺎﻻﻧﻮاع اﻟﺘﻰ  ﺳﻮق ﻟﺤﻮم اﻟﺘﺠﺰﺋﺔ ﻋﺎﺋﻠﺔ اﻟﻤﻌﻮﻳﺎت ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﺘﻰ ﺟﻤﻌﺖ ﻣﻦ ﻣﻦ اﻻﻧﻮاع ﻣﻦ
 ﺗﻨﺎول آﺒﺪة اﻟﻀﺎنأن ﻋﺎدة . أﺛﻨﺎء اﻟﺘﺨﺰﻳﻦ واﻟﻤﻨﺎوﻟﺔ  ﻣﻤﺎ ﻳﺪل ﻋﻠﻰ ﺣﺪوث ﺗﻠﻮثﺎت ﻋﺰﻟﺖ ﻣﻦ اﻟﺴﻠﺨﺎﻧ
ﻋﺰﻟﺖ اﻧﻮاع اآﺜﺮ ﻣﻦ  ﻋﺎﺋﻠﺔ .ﻳﻤﻜﻦ ان ﺗﺆدى ﻟﻠﺘﺴﻤﻢ اﻟﻐﺬاﺋﻰ  اﻟﺴﻮدانﻓﻰ  ﺗﻤﺎرس اﻟﺘﻰ( اﻟﻨﻴﺔ) اﻟﻄﺎزﺟﺔ
ت ﻣﻘﺎرﻧﺔ ﺑﺎﻻﻧﻮاع اﻟﺘﻰ ﻋﺰﻟﺖ ﻣﻦ اﻟﺴﻠﺨﺎﻧﺎ ﺳﻮق ﻟﺤﻮم اﻟﺘﺠﺰﺋﺔ اﻟﻤﻌﻮﻳﺎت ﻣﻦ اﻟﻌﻴﻨﺎت اﻟﺘﻰ ﺟﻤﻌﺖ ﻣﻦ
ﻓﻰ  ﺗﻤﺎرس اﻟﺘﻰ( اﻟﻜﺒﺪة اﻟﻨﻴﺔ)ﺗﻨﺎول آﺒﺪة اﻟﻀﺎن أن ﻋﺎدة . ﻧﺘﻴﺠﺔ ﻟﻠﺘﻠﻮث أﺛﻨﺎء اﻟﺘﺨﺰﻳﻦ واﻟﻤﻨﺎوﻟﺔ 
  .ﻳﻤﻜﻦ ان ﺗﺆدى ﻟﻠﺘﺴﻤﻢ اﻟﻐﺬاﺋﻰ  اﻟﺴﻮدان
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 1
INTRODUCTION 
  
 Enterobacteriaceae are often used as a hygiene indicator on foods of 
animal origin (PHLS, 2002).The family Enterobacteriaceae is useful 
indicators for verification of hygiene processes in food production facilities 
(Anon, 2005). 
 Meat is an ideal medium for many organisms to grow because it is 
high in   moisture, rich in nitrogenous compounds (e.g. amino acids, peptides 
and proteins) and plentifully supplied with minerals and accessory growth 
factors. Furthermore, it has some fermentable carbohydrates, usually 
glycogen, and keeps favorable pH for growth of most microorganisms (Van 
Laack, 1994). Sheep livers are consumed as raw by large sector of the 
Sudanese people. Such practice and the way these offals are handled provide 
conditions which may be a public health impact.   The microbial status of the 
product that reaches the consumer in either as raw or processed meat will 
depend on the exposure to   contamination and it is control during subsequent 
chilling, processing, handling, distribution and preparation (Sofos et al., 
1999). 
Foodborne diseases can be fatal and causes suffering, discomfort and 
debilitation in the survivors. High economic losses could be due to treatment, 
lawsuits, lost wages and productivity, loss of business, recall and 
condemation of products and investigation of the outbreaks, can be very high 
(Doores, 1999).  
 As meat consumption is increasing around the world, so do concerns 
and challenges to meat hygiene and safety. These concerns are mostly of a 
biological nature and include bacterial pathogens, such as Escherichia coli 
 2
O157:H7, Salmonella and Campylobacter in raw meat and poultry, and 
Listeria monocytogenes in ready-to-eat processed products, while viral 
pathogens are of major concern at foodservice (Sofos and Geornaras , 2010). 
Objectives of the study: 
 The present work was carried out to:  
1. Study the edible sheep liver hygiene specially for the presence of  fecal 
contamination, and possible presence  of enteric pathogens in some 
slaughterhouses and retail meat markets in Khartoum state. 
2. Highlight hazards from consumption of sheep liver as raw. 
3. To determine the antimicrobial sensitivity of Enterobacteriaceae 
isolates. 
 
            
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 3
CHAPTER ONE 
REVIEW OF LITERATURE  
 
According to Jay et al. (2005) it is generally agreed that internal  
tissues  of  healthy slaughtered  animals  are  free  from  bacteria  at  the  time  
of  slaughter, provided  that  the  animal  was  not  in  a state  of  exhaustion,  
when slaughtered.  
1.1 Sources of contamination 
Contamination  may  take  place  during  every  operation  such  as 
slaughtering,  dressing, cutting and distribution  of  meat (Silliker et al.,  
1980). Bacteria causing foodborne diseases in meat and meat products may 
be identified. The living animal carries pathogenic bacteria while the 
processing environment harbours them. In addition, the human being is also 
an important source of pathogenic bacteria, most frequently indirectly by 
cross contamination. Bacteria originating from the animal may, during 
slaughter, contaminate the carcass, and subsequently be distributed via cut 
meat or raw meat material intended for further processing into meat products 
(Borch and Arinder, 2002). According to Jay et al. (2005) the primary 
sources and routes of microorganisms to fresh meats are stick knife, animal 
hide, gastrointestinal tract, handling and storage environment and lymph 
nodes.  
Contamination of offal at the slaughterhouse is high during processing 
operations after slaughter (skinning, gutting and cutting). The contents of the 
digestive tract, washing water and handlers, particularly asymptomatic 
carriers, are the chief sources of contamination. The contaminant microflora 
is composed of banal micro-organisms, opportunistic pathogens 
(Pseudomonadaceae and Enterobacteriaceae) and real or potential pathogens, 
 4
frequently including a variety of Salmonella serotypes (Arroyo and Arroyo, 
1995).  
Air has a significant role as a vehicle for the transmission of pathogens 
within all food production and processing environments (Kang and Frank , 
1989). Thus, it is important to obtain accurate information on the numbers 
and types of bacteria in abattoir air, to allow identification of the sources of 
such contamination. During meat marketing (transportation) route to the final 
user, for preparation and consumption, meat and meat products are  stored  in 
trucks,  retail cabinets and home refrigerators. These points are of great 
concern for meat quality and safety (George-John et al., 2008).  
In some commercial establishments, the meat grinders, cutting knives 
and storage utensils are rarely cleaned as often and as thoroughly as is 
necessary to prevent the successive buildup of microbial numbers (Jay et al., 
2005). Microbial cross-contamination either at home or production site is one 
of the major factors of causing contamination of foods and leading to 
foodborne diseases (Shiowshuh and Cheng-An , 2010).   
Sofos (2009a) stated that  biofilms may be formed in all areas of food 
processing environments, including floors, walls, pipes and drains. Materials 
commonly used in food processing, such as stainless steel, aluminum, nylon, 
teflon, rubber, plastic, Buna-N, glass, etc., may be subject to biofilm 
formation. Hard to clean and sanitize crevices, in conveyor belts and dead 
spaces, become hosts of biofilms. 
 
1.2 The type of microorganisms which cause contamination of meat 
  
Major pathogens that need to be controlled in fresh meat include 
Salmonella, Campylobacter, and enterohaemorrhagic E. coli O157:H7. Even 
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though progress is being made in their control, some of these pathogens will 
continue to be of concern well into the future (Bacon and Sofos, 2003). 
Although various foods can serve as sources of foodborne illness, meat and 
meat products are important sources of human infections with Salmonella 
spp., Campylobacter jejuni Campylobacter coli, Yersinia enterocolitica, 
VTEC and to some extent, L. monocytogenes. All these foodborne pathogens 
can be harbored in the gastrointestinal tract of food-producing animals 
(Norrung  and Buncic , 2008). 
Meat and its products were potential sources of food poisoning by 
Salmonella (Hubbert et al., 1975). Mohamed (1970) suggested that in meat 
industry, bacteria is classified according to their temperature requirement into 
three groups: 
1. Psychrophilic which grow comparatively and rapidly at temperatures 
below 5°C e.g. Pseudomonas spp and Streptococci spp. The growth of 
this type is not slowed down by refrigeration.  
2. Mesophilic: which grows at temperatures between 15 – 40oC, it 
includes most food poisoning bacteria. 
3. Thermophilic: which grow at higher temperatures 40°C and above. 
Rodes and Fletcher (1966) proved that the Psychrophilic and 
mesophilic types of bacteria were the most important ones. 
Banwart (1981) reported that the gaseous atmosphere surrounding the 
food might determine the types of organisms, which become dominant. 
Oxygen favors the growth of aerobes while lack of oxygen will allow 
facultative anaerobes to dominate. A source of bacteria in the carcass is the 
lymph node, which filter out bacteria from the lymph . Little et al. (2008) 
examined lamb meat and their offal (liver, heart, kidney) samples collected at 
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the point of sale from retail and food service in the United Kingdom for 
salmonella and campylobacter, and isolated C. coli, C. jejuni, S. typhimurium  
S. arizonae and S. derby. 
Arroyo and Arroyo (1995) . studies the presence of serotypes of 
salmonella in edible lamb organ meats from markets in the north western 
section of Madrid, Spain during 1989 to 1991 and isolated S. Virchow, S. 
Worthington,  S. typhimurium,  S. infantis,  S. kapemba, S. give, S. 
Brandenburg, S. Havana and  Salmonella spp.   
Salih (1971)  isolated  Proteus and Salmonella dublin from  bovine  
and  ovine  offals collected  from  Omdurman  central  slaughterhouse,  and 
Proteus from  bovine  and  ovine  offals collected  from  retail meat markets  
at  Omdurman, and isolated Shigella flexneri from composite tissues of 
bovine offals in Omdurman retail meat market. (Brahmbhatt and Anjaria 
,1993)  examined samples of raw meat obtained from shops; they isolated E. 
coli, Staphylococcus epidermidis, S. aureus, Micrococcus luteus, Citrobacter 
freundii, Bacillus cereus, Streptococcus faecalis, Entero bactere aerogenes, 
Proteus mirabilis, Bacillus subtilis, Aeromonas liquifaciens, Proteus 
vulgaris, Kelbsiellea poneumoniae and Pseudomonas aeruginosa.  
Abu salma (1995) isolated E. coli, Proteus vulgaris, when examined 
sheep liver specimen from Omdurman Central  Abattoir.     
Cooper et al. (1941) reported an outbreak of food-poisoning in  Birstol 
and Proteus vulgaris was isolated from the suspected meat  and    patients.      
Scates et al. (2003) estimated the prevalence of Campylobacter in 
retail packs of raw lamb liver (30 liver specimen). They found that 73% of 
the lamb specimen yielded Campylobacter. Furthermore, lamb isolates were 
all C. jejuni. In the Sudan, Horgan (1986) investigated an outbreak of food 
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poisoning at Wadmedani and S. dublin was isolated from two persons and 
meat. S. dublin was incriminated as being the cause of infection. 
1.3 Spoilage of fresh livers  
In a study of the spoilage of diced beef livers the initial pH of 6.3 
decreased to about 5.9 after 7–10 days at 5◦C and the predominant biota at 
spoilage consisted of lactic acid bacteria (Shelef, 1975).  In another study of 
beef, pork, and lamb livers the predominant biota after 5 days at 2◦C differed 
for the three products, with beef livers being dominated by Streptococci, 
yeasts, Coryneforms, and Pseudomonads; lamb by Coryneforms, Micrococci, 
and Streptococci; and pork livers by Staphylococci, Moraxella-
Acinetobacter, and Streptococci (Hanna et al., 1982). The mean initial pH of 
each of the three livers declined upon storage, although only slightly.  
In a study of  spoilage of lamb livers by( Gill and Delacy,1982) the 
spoiled  surface  biota  was dominated by  Pseudomonas, Acinetobacter, and   
Enterobacter; drip from the whole livers was dominated by Pseudomonas 
and Enterobacter; whereas Enterobacter and lactobacilli were dominant in 
the  deep tissues. 
1.4 Procedure adopted in slaughterhouses to ensure safety hygiene meat 
production 
1.4.1 Prologue 
 As indicated by Sofos (2009b,2008), control of meatborne pathogens 
will continue to be one of our major goals well into the future. The best 
strategy for improving the safety of meat is by applying proper hygiene and 
antimicrobial intervention technologies that: (i) reduce contamination on live 
animals; (ii) minimize access and transfer of microorganisms to carcasses 
and meat; (iii) reduce, through decontamination, microbial levels on 
carcasses or meat; (iv) reduce or eliminate, by killing, microbial 
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contamination on products; (v) avoid or minimize cross-contamination; and 
(vi) inhibit growth of surviving microorganisms (Juneja and Sofos, 2009; 
Sofos, 2005; Stopforth and Sofos, 2006). Thus, foodborne pathogen control 
requires application of interventions at pre-harvest, post-harvest, processing, 
storage, distribution, merchandizing, preparation, food service, and 
consumption. 
1.4.2 Pre-harvest pathogen control 
Pre-harvest pathogen control should aim at minimizing sources, levels, 
access and transfer of contamination to the animal (Koutsoumanis and Sofos, 
2004; Koutsoumanis et al., 2006; Samelis and Sofos, 2003a,b; Sofos, 2005; 
Stopforth and Sofos, 2006). Pathogen reduction programs at the farm level 
contribute to food safety by decreasing the probability of pathogen presence 
in animals and associated foods and by reducing water and produce 
contamination, as well as direct animal-to-human pathogen transmission 
(Sofos, 2008). Proposed or used on-farm interventions include diet 
manipulation, use of feed additives or supplements, antibiotics, 
bacteriophage therapy, administration of vaccines or immunization, 
competitive exclusion, prebiotics or probiotics, and proper animal 
management practices such as pen management, clean feed, clean chlorinated 
water, and clean and unstressful transportation (Huffman, 2002; LeJeune and 
Wetzel, 2007; Sofos, 2004a,b, 2005; Stopforth and Sofos, 2006). In addition, 
it is important to apply proper animal manure treatment and disposal 
procedures in order to limit spreading of pathogens in the environment, water 
and food crops. Overall, however, pathogen control in animals pre-harvest is 
difficult and there is a lack of widely accepted interventions (Sofos, 2004a, b; 
Stopforth and Sofos, 2006). 
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1.4.3 Pathogen control at slaughter and processing  
Control at harvest and processing should be designed to minimize 
introduction of additional contamination and to reduce or eliminate 
contamination levels through implementation of de-contamination or 
sanitization procedures, processing treatments for complete or partial 
destruction of contamination, or antimicrobial interventions for inhibition of 
microbial growth during subsequent distribution and storage of products 
(Koutsoumanis et al., 2006; Samelis and Sofos, 2003a,b; Sofos, 2005, 2008, 
2009a; Stopforth and Sofos, 2006). As a result of major foodborne outbreaks, 
regulatory authorities in the United States have established new inspection 
regulations which require meat and poultry operations to: (i) establish 
sanitation standard operating procedures; (ii) operate under the hazard 
analysis critical control point (HACCP) system; and (iii) meet 
microbiological performance criteria and standards for E. coli biotype I and 
Salmonella, as a verification of HACCP (FSIS, 1996). 
 
1.4.4 Pathogen control at retail and foodservice  
Efforts for pathogen control at the retail, foodservice and consumer 
level should have the objectives of preventing transfer of contamination 
among foods and food contact surfaces, cross-contamination or 
recontamination, and inactivation or inhibition of growth of existing 
contamination (Lianou and Sofos, 2007; Sofos, 2008). Proper sanitation, 
hygiene, cooking and storage are key approaches to avoid food safety 
problems at this stage of the food chain (Sofos and Geornaras, 2010). 
Transport  of  meat  from  a  local  abattoir  to  the  meat  distributors  and 
retail  shops  should  guarantee  proper hanging of carcasses en  route and it 
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should be well cooled and protect from excessive moisture, dust, flies and 
rodents,  (FAO/WHO, 1961). 
1.5 Enterobacteriaceae 
The Enterobacteriaceae are a large, heterogeneous group of gram-
negative rods whose natural habitat is the intestinal tract of humans and 
animals (Brooks et al., 1998).The family now has over 20 genera and more 
than 100 species, of which about 50 are probably associated with human 
disease (Farmer et al., 1985). Because some strains are important pathogens 
for man and animals and cause  intestinal and other infections as well as 
food-poisoning, this group has considerable epidemiological importance 
(Barrow and Feltham, 2003). Characters common to members of the group: 
Gram-negative rods. Aerobic and facultavely anaerobic, oxidase-negative 
attack sugars fermentatively. Nitrate reduced to nitrite (Barrow and Feltham, 
2003). 
1.5.1 Antigenic structure  
Enterobacteriaceae have a complex antigenic structure. They are 
classified by more than 150 different heat-stable somatic 
(Lipopolysaccharide) antigen, more than 100 heat-labile K (capsular) 
antigens, and more than 50 H (Flagellar) antigen . In the Salmonella typhi, 
the capsular antigens are called Vi antigens (Brooks et al., 1998). 
The capsule antigen (K-antigen) is the outermost structural component 
of the bacterial cell. Capsules of enteric organisms are composed of 
carbohydrates. The various types of carbohydrates, together with the types of 
linkage between the sugars, form the antigenic determinants that define 
capsular antigen. Encapsulated enteric bacteria are relatively hydrophilic, a 
characteristic imparted by the capsule. 
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The somatic antigens (O-antigens) are composed of antigenic 
determinants formed by the different configuration of sugar types, and the 
linkages between sugars found in the O-repeat portion of the 
lipopolysaccharide(Hirsh , 2004). 
Flagella, which are cellular organelles used for locomotion, are 
composed of protein subunits (flagellin). Depending upon the type of 
flagellin, different antigenic determinations are formed. These antigenic 
determinants comprise the H- antigens. In cells of most Salmonella and some 
other species, one or the other of two sets ( ̔phases) of antigenic determinants 
are possible. In culture, spontaneous phase variation occurs, that is, a shift 
from phase 1 to 2 or vice versa. The antigens of both phases, if present, help 
define the serotypes(Hirsh , 2004).   
Fimbriae or pili are protein adhesions that are composed of subunits-
pilin- and assembled in various configurations using different pilin 
molecules, which results in the generation of different types  defined by their 
affinity for various carbohydrates. The most commonly found fimbriae have 
affinity for mannose-containing compounds. These fimbriae are called type 1 
or common fimbriae  (Hirsh , 2004).  
1.5.2 Cellular products 
1.5.2.1 Endotoxin 
Endotoxin is the term given the lipopolysaccharide (LPS) that is part 
and extrudes from, the outer membrane of the gram-negative cell wall. The 
lipid portion of this substance is embedded in the outer membrane and has 
the toxic properties associated with endotoxin. The most important 
constituent of LPS as far as the toxic manifestations of the molecule are 
concerned is the lipid portion, called lipid A (Hirsh , 2004). 
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1.5.2.2 Siderophores 
  Siderophores are iron-carrying molecules (catechols or hydroxamates) 
of bacterial origin. They function in the solubilization and transport of ferric 
ions. There is very little free iron in hosts; nearly all is associated with the 
iron-binding proteins (ferritin, transferring, and lactoferrin). Since iron is an 
absolute requirement for almost all bacteria, parasitic strains, especially 
invasive ones, must compete for iron .Most utilize siderophores that remove 
iron from the iron-binding proteins of the host (Hirsh ,2004). 
1.5.2.3 Colicins (Bacteriocins) 
These virus-like bactericidal substances are produced by certain strains 
of bacteria active against some other strains of the same or closely related 
species. Bacteriocin-producing strains are resistant to their own bacteriocin; 
thus, bacteriocin can be used for typing Organisms (Brooks et al., 1998).  
1.5.3 Resistance  
Sunlight, drying, pasteurization and the common disinfectants kill 
members of family Enterobacteriaceae. In moist, shaded environments, such 
as pastures, manure, litter and bedding, they can survive for many months. 
Though many are susceptible to broad-spectrum antimicrobial agents, their 
susceptibility is not accurately  predictable and can change  rapidly through 
acquisition of R plasmids, or resistance-encoding DNA cassettes, which may 
insert into numerous integrons located in the genome and in plasmids (Hirsh, 
2004). 
1.5.4 Salmonella 
There are well different antigenic types of salmonella. They were 
originally classified as separate species, but it is now generally accepted that 
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they represent serotypes (serovars) of a single species, Salmonella enteric 
(Chart, 2007) .     
According to Jay et al . (2005) among the Gram-negative rods that 
cause foodborne gastroenteritis, the most important are the members of the 
genus Salmonellas , poisoning results from the ingestion of foods containing 
appropriate strains of this genus in significant numbers.For epidemiological 
purposes, the salmonellae can be placed into three groups: 
1.  Those that infect humans only: These include S. Typhi, S. Paratyphi A, 
S. Paratyphi C. This group includes the agents of typhoid and the 
paratyphoid fevers, which are the most severe of all diseases caused by 
salmonellae.  
2. The host-adapted serovars (some of which are human pathogens and 
may be contracted from foods): Included are S. gallinarum (poultry), 
S. dublin (cattle), S. abortus-equi (horses), S. abortus-ovis (sheep), and 
S. choleraesuis (swine). 
3.  Unadapted serovars (no host preference): These are pathogenic for 
humans and other animals, and they include most foodborne serovars .  
They are mesophilic, with optimum growth temperature between 35 
and 37oC, but generally have a growth range of 5 to 46oC. sensitive to low 
pH (4.5 or below), and do not multiply at an Aw of 0.94, especially in 
combination with a pH of 5.5 and below. The cells survive in frozen and 
dried states for a long time. They can multiply in many foods without 
affecting the acceptance qualities (Flowers, 1988; D'Aoust, 1989). 
Foods of animal origin have been associated with large numbers of 
outbreaks. These include beef, chicken, turkey, pork, eggs, milk, and their 
products. In addition, many different types of foods have been implicated in 
both sporadic cases and outbreaks . These foods were contaminated directly 
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or indirectly with fecal matters from carriers (animals, birds, and humans) 
and eaten either raw or improperly cooked, or contaminated following 
adequate heat treatment. Cross contamination at home and at food services 
are the major sites of contamination of heated foods with Salmonella (Bean 
and Griffin, 1990).  
At the consumer level, the Salmonella carrier is thought to play a role, 
but how important this role is not clear. Improper preparation and handling of 
foods in homes and food service establishments continue to be the primary 
factors in outbreaks (Jay et al., 2005). 
  Healthy  animals  are  carriers  of  Salmonellae which  are  present    
in  few  number,  and  if  the  meat  properly  refrigerated  and  cooked  no  ill  
effects  follow (Wilson, 2005). 
 Salmonella enteritidis the most common cause of Salmonella food 
poisoning . With  the PT4  phage  type  the most  common , PT4 isolated  
from  cattle,  pig,  goat,  and  duck.  The  second most common  is  
Salmonella typhurium  which  also  isolated  from  cattle,  sheep,  pigs,  fowl  
and  ducks (Wilson, 2005).Salmonella typhimurium phagetype DT104 is a 
multiple antibiotic-resistant pathogen which emerged in the mid 1990s and is 
now widespread in Europe, North America and the Middle East (Humphrey, 
2001). Salmonella DT104 is associated with pigs, cattle, sheep, chickens and 
turkeys. It survives well in both wet and dry environments, and is difficult to 
eradicate once a farm has become infected (Anonymous, 2000). 
1.5.4.1 Toxins 
  Following ingestion of Salmonella cells, the pathogens invade 
mucosa of the small intestine, proliferate in the epithelial cells, and produce a 
toxin, resulting in an inflammatory reaction and fluid accumulation in the 
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intestine. The ability of the pathogens to invade and damage the cells is 
attributed to the production of a thermostable cytotoxic factor. Once inside 
the epithelial cells, the pathogens multiply and produce a thermolabile 
enterotoxin that is directly related to the secretion of fluid and electrolytes. 
Production of the enterotoxin is directly related to the growth rate of the 
pathogens (Flowssers, 1988; D'Aoust, 1989). 
1.5.5 Escherichia  
Mansour et al., (1993) showed that E. coli was an important and 
common human enteric pathogen which causes diarrhoea and haemorrhagic 
colitis. Until  1982,  strains  producing  diarrhoea  were  classified  in to  
three  types  based  on their  virulence  properties : 
Enteropathogenic E. coli (EPEC). 
Enteroinvasive  E. coli     (EIEC). 
Enterotoxigenic E. coli    (ETEC). 
They  are  not  very  common  causes  of  food  borne  illness  in  
developed countries, but  are  important  cause  of  diarrhea  in  infants  in  
less  developed  countries. ETEC is also frequently associated   with so called 
traveller’s diarrhoea. However since 1982, Entero-haemorrhagic E. coli 
(EHEC) particularly associated with serotype   O157: H7 has recognized as 
the cause of a number outbreaks of   haemorrhagic colitis and haemolytic 
uraemic syndrome (Adams and Moss, 2008). 
Six distinct groups have been defined within Intestinal Pathogenic E. 
coli commonly associated with intestinal disease:  EIEC, enterotoxigenic E. 
coli (ETEC), EPEC, EHEC, entero-aggregative E. coli (EAggEC) and the 
diffusely adherent E. coli (DAEC) (Donnenberg, 2002; Kaper et al., 2004) . 
They grow over a wide range of temperature (15-45oC); some strains are 
 16
more heat resistant than other members of the Enterobacteriaceae and may 
survive 60oC for 15 min or 55oC  for 60 min. (Chart, 2007). 
A near neutral pH is optimal for growth but growth is possible down to 
pH 4.4 under otherwise optimal conditions (Adams and Moss, 2008). 
Shigella and EIEC are responsible for bacillary dysentery, a disease 
that has had a major impact on society throughout history. Transmission is 
via the faecal–oral route, with contaminated food and water being the main 
sources of infection, but person-to-person transmission can also occur (Baylis 
et al., 2006). Escherichia coli is a normal intestinal micro-flora of healthy 
animals, and humans. However, some strains can cause diseases. 
Verocytotoxigenic E. coli including serotype O157:H7 are one group, 
causing severe, chronic, and potentially fatal illness, related to their ability to 
produce one or more toxins known as verotoxin or shiga-like toxin (Uhitil et 
al., 2004).Consumption of raw or undercooked foods of bovine origin, 
especially undercooked minced beef and unpasteurized cow's milk, has been 
the most common means of transmitting VTEC organisms in sporadic cases 
and in outbreaks of VTEC infection (De Boer and Heuvelink , 2001).  
Cattle are thought to be the main source of E. coli O157:H7 and 
bovine products have often been implicated in food borne infections. Small 
ruminants have been subjected to fewer epidemiological surveys than cattle 
but available data suggest that sheep may represent a source of transmission 
of this bacterium to humans (Kudva et al., 1996; Chapman et al., 2001; Meng 
et al., 2001; Blanco et al., 2003; Rey et al., 2003). E. coli O 157: H7 does not 
use sorbitol, unlike most other E. coli, and is negative on sorbitol 
MacConkey agar (Brooks et al., 1998).   
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One of the possible reasons for the increase in foodborne 
gastroenteritis by pathogenic E. coli strains is the ability of pathogenic 
Enterobacteriaceae to transfer plasmids among themselves that encode for 
toxin production and colonization in the digestive tract. Such a plasmid 
transfer in the environment from a pathogenic strain into a nonpathogenic 
strain will enable the new variant strain to establish in the intestine and 
produce illness, and a food can be a vehicle through which the pathogen can 
be consumed (Ray, 2004).  
1.5.5.1 Toxins 
E. coli O157:H7 produces a verotoxin (VTI), or Shiga toxin (ST). For 
this, it is also designated as VTEC or STEC. More than one toxin can be 
involved in the disease and the symptoms related to it. It is not known 
whether the pathogen also produces invasive factors. The cells probably 
colonize in the intestine by adhering to the epithelial cells and produce 
toxins, which then act on the colon. Toxins are also absorbed into the 
bloodstream and damage the small blood vessels in the intestine, kidneys, 
and brain (Aceson, 1999). EIEC produce several polypeptides, the genes of 
which are encoded in a plasmid. These are considered to be the invasive 
factors that enable the pathogen to invade epithelial cells and set up infection 
in the colon. Separate toxins have not yet been identified (Kornacki   and 
Marth, 1982; Doyle and Padhye, 1989). 
The strains in the ETEC subgroup produce two types of enterotoxins: 
one is heat labile (LT) and the other is heat stable (ST). A strain can produce 
either LT or ST, or both. LT toxin is an antigenic protein, similar to cholera 
toxin produced by Vib.cholerae, that induces fluid secretion by epithelial 
cells of the small intestine. ST is a heat-stable protein, lower in molecular 
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weight than LT, and is nonantigenic. It also increases fluid secretion by 
intestinal cells, but through a different mode of action. (Garvani,1987; 
Kornacki and Marth, 1982). Another characteristic feature of ETEC is their 
ability to adhere to the intestinal epithelium mediated by adhesive fimbriae, 
also called colonisation factors (CFs). (Elsinghorst, 2002). 
Strains in EPEC subgroups do not produce enterotoxins such as those 
by ETEC serotypes. However, some studies have shown that several 
serotypes produce LT toxin, and others produce toxins different from LT and 
ST of ETEC serotypes. (Garvani, 1987; Kornacki and Marth., 1982). One of 
the most important characteristics of EPEC is attaching and effacing (A/E) 
demonstrated histologically, characterized by the local effacement of the 
microvilli and intimate adherence between the bacterium and the host’s 
epithelial cell membrane. (Knutton et al., 1989) . 
1.5.6 Yersinia enterocolitica   
Yersinia enterocolitica is a normal inhabitant of intestines of food 
animals and birds, pets, wild animals, and humans. Human carriers do not 
show any disease symptoms. Different types of food can be contaminated 
from these sources. Foods implicated in yersiniosis include raw and 
pasteurized milk, ice cream, raw and improperly cooked meats, fresh 
vegetables. The strains grow between 0 and 44oC, with an optimum growth at 
25 to 29oC. Growth occurs in milk and raw meat at 1C, but at a slower rate. 
Cells can grow in 5% NaCl and at a pH above 4.6 (Doyle, 1986; Schiemann, 
1989). Yer. pseudotuberculosis is quite common in animals and has been 
isolated in foods. However, its involvement in foodborne illnesses is 
confirmed  (Bean and Griffin, 1990). 
Yer. enterocolitica causes gastroenteritis, mainly in infant and young 
children.  Enteric infections usually produce watery diarrhoea.  It was  
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isolated  from  the  feces  of  healthy  cows  in  Australia  (Hughes, 1979), 
meat  contaminated  with  Yersinia  constitute  an  important  source  of  
infection (Tsubckura et al ., 1973). Yer. enterocolitica serotypes isolated 
from marketed meat and  from human infections, supported the importance 
of this organism in  gastroenteritis  in  humans (Zenyoji et al., 1974) . 
1.5.6.1 Toxins 
Not all strains can produce yersiniosis. Most strains isolated from the 
environment are nonpathogenic. Pathogenic strains are predominant in pigs. 
Both the pathogenic and nonpathogenic strains produce a heat-stable toxin; 
thus, toxin production is not directly related to the ability of a strain to cause 
yersiniosis. Pathogenic strains also carry an invasive factor that enables the 
cells to colonize intestinal epithelial cells and lymph nodes. Only after 
colonization is the heat-stable toxin capable of causing the disease. The 
pathogenic strains vary in serological characteristics. In the U.S., the most 
common serovar implicated in yersiniosis is 08 (Doyle., 1986; Schiemann, 
1989). 
1.5.7 Shigella  
Four species are recognized: S. dysenteriae, S. flexneri, S. boydii and S. 
sonnei. S. dysenteriae is a primary pathogen that causes classic bacillary 
dysentery; as few as 10 colony forming unit( cfu ) are known to initiate 
infection in susceptible individuals. The three species of concern as 
etiological agents of foodborne gastroenteritis are placed in separate 
serologic groups based on O antigens: S. flexneri in group B, S. boydii in 
group C, and S. sonnei in group D. (Jay et al., 2005).  
In developing countries, S. flexneri and S. dysenteriae are most 
frequently isolated, whereas S. sonnei and S. flexneri predominate in 
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developed countries (Kotloff et al., 1999). The strains grow between 7 and 
46oC, with an optimum at 37oC.  . They survive for days under different 
physical and chemical stresses, such as refrigeration, freezing, 5% NaCl, and 
pH 4.5 (Smith, 1987; Wachsmuth and Morris, 1989). They grow best in the 
pH range 6-8 .( Adams and Moss, 2008). The intestine of humans and some 
primates is the only habitat known. Humans can carry the organism in the 
intestine, and shed it in the feces without showing any symptoms. Following 
recovery from shigellosis, an individual can remain a carrier for months 
(Smith, 1987; Wachsmuth and Morris, 1989). 
Poor personal hygiene is a common factor in foodborne shigellosis, 
with shellfish, fruits and vegetables, chicken, and salads being prominent 
among vehicle foods. The prominence of these foods is due to the fecal–oral 
route of transmission. The shigellae are not as persistent in the environment 
as are salmonellae and escherichiae (Jay et al., 2005). Food borne cases of 
shigellosis are regarded as uncommon though other considers the problem to 
be greatly underestimated. The limited range of hosts for the organism 
certainly suggests that it is relatively insignificant as a food borne problem 
when compared with say Salmonella (Adams and Moss, 2008). Floyed et al. 
(1953) demonstrated in their bacteriological survey on enteric pathogens, the 
extent to which fresh meat can be polluted with shigella from flies and 
human carriers. They examined meat specimens collected from 53 butcher 
shops at Cairo.  The majority of the positive samples yielded Shigella. 
In  foodborne  cases,  the  source  of  the  organism  is  normally  a 
human carrier  involved  in preparation  of the  food. In area where sewage 
disposal is inadequate, the organism could be transferred from human faeces 
by flies (Adams and Moss, 2008).  
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1.5.7.1 Toxins 
These strains are believed to carry plasmid-encoded invasive traits that 
enable the shigellae cells to invade epithelial mucosa of the small and large 
intestines. Once engulfed by the epithelial cells, they can produce an 
exotoxin that has an enterotoxigenic property. The toxin is designated as 
Shiga toxin (ST). The invasive trait is expressed at 37oC but not at 30oC. 
Shigellae cells growing at 30oC need a few hours of conditioning at 37oC 
before they can invade intestinal epithelial cells. The engulfed shigellae cells 
kill the epithelial cells and then attack fresh cells, causing ulcers and lesions 
(Smith, 1987; Wachsmuth and Morris, 1989).  
1.5.8 Other Enterobacteriaceae 
Klebsiella, Enterobacter, and Citrobacter (together referred to as non-
E. coli coliforms) can colonize the human gut and produce potent 
enterotoxins. In several acute and chronic cases of diarrhea, they were 
isolated from stools and the intestinal tract. Some isolates of Enterobacter 
cloacae, Klebsiella pneumoniae, and Citrobacter spp. were found to produce 
enterotoxins similar to heat-labile or heat-stable toxins of enterotoxigenic 
Esc. coli. In enterotoxigenic E. coli, these traits are plasmid linked. The 
ability of non- E. coli coliforms to produce enterotoxins similar to those of 
pathogenic E. coli strains probably results from the intergeneric transfer of 
plasmids encoding these phenotypes. 
Non E. coli coliforms are normally present in raw food materials as 
well as in some pasteurized foods because of post heat contamination. They 
can grow in many foods if the growth parameters are not limiting. Some 
strains can grow at refrigerated temperature. Temperature abuse during 
storage can also facilitate their rapid growth in a food. The significance of 
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their presence in a food may need to be reevaluated. The ability of food 
isolates to produce enterotoxins may be included in test protocols.(Twedt and 
Boutin ,1979).  
Fresh meats from food animals and birds contain a large group of 
potential spoilage bacteria that include species of Escherichia, Enterobacter, 
Serratia, Hafnia, Proteus (Silliker et al., 1980).  
Dolman (1967) reported that members of the Proteus spp may be  
isolated from  spoiled  meat and  also  prevalent  in fresh  meat  which  are  
subjected  to  much  handling. 
John et al. (1988) reported that Protues spp are important in the 
spoilage of meat, because they grow and spread readily on moist surface at 
low temperatures and produce a number of proteases. 
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1. Sterilization 
2.1.1 Dry heat 
2.1.1.1 Hot air oven 
Hot air oven was used for sterilization of clean glassware,    such as 
Petri dishes, pipettes, tubes, flasks, bottles, mortars and pestles. The 
temperature and time of exposure was 160oC for one hour (Stainer et al., 
1986). 
2.1.1.2 Red heat 
Red heat was used for sterilization of wire loops, straight wires and 
tissue forceps. It was done by holding the object as near as possible to the 
flame until it became red (Cruickshank et al., 1975). 
2.1.1.3 Flaming 
Flaming was used for cotton plugged tubes and glass slides. It was 
done by exposing the object to the direct flame for about half to one second. 
2.1.2 Moist heat 
2.1.2.1 Autoclaving 
         This technique was used for sterilization of media, solutions, plastic 
wares such as rubber stoppers which couldn't with stand the dry heat. The 
temperature applied was 115 C for 15-20 minutes, under pressure of 10 
pound (Barrow and Feltham, 1993). 
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2.1.2.2 Momentary autoclaving 
This technique was used for sterilization of sugar solutions. The 
temperature was turnoff as soon as reached 115oC. The valve of the 
autoclave was opened when the temperature reached 100oC and the media 
released when the temperature was 90 to 80oC (Barrow and Feltham, 1993). 
2.1.3 Asepsis of media preparation room 
           For aseptic preparation of media and pouring on to plates, phenolic 
disinfectant and absolute alcohol were used for disinfecting floor and 
benches of media preparation room and were also irradiated by ultraviolet 
light for complete sterilization. 
2.2 Collection of samples 
     Samples of fresh sheep liver were collected from different locations 
divided in to two groups, the first group consisted of 15 fresh sheep liver 
samples from Alkadro slaughterhouse in Khartoum North, and 20 fresh sheep 
liver samples from Alsalam slaughterhouse in Omdrman, the second group 
consisted of 55 fresh sheep liver samples from Khartoum North retail meat 
Market. Samples were collected aseptically to avoid contamination during 
collection.  
2.3 Transportation of collected samples 
           Samples collected were transferred to the laboratory on ice in 150-
thermic container with sufficient speed to avoid unnecessary delay 
contamination prior to microbiological examination. 
2.4 Preparation of the samples 
At the laboratory each sample (from Market and Slaughter-house) 
divided to two part one was homogenized with sterile mortar and pestle 
Separately, then with sterile swab inoculated on to MacConkey agar, for 
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isolation of Enterobacteriaceae species and for Salmonella species other part 
of same  sample was inoculated in to selenite-f-broth (selective enrichment) 
for 24 hours to select salmonellae from all the other Enterobacteriaceae then 
plating on deoxycholate.( selective and differential solid media). 
Twenty three liver sample of samples collected  at retail Market level 
were washed with tap water   prepare as ready to eat  liver dishes by adding  
pea-nut butter, salt, lemon juice, Onions and red hot pepper. Then bacterial 
load was determined as described previously. 
2.5 Cultural media 
2.5.1 Solid media 
2.5.1.1 MacConkey’s agar(OxoidCM 7)  
           The MacConkey agar medium was prepared as described by 
manufacturer which consist of (grams per liter)  20 peptone, 10 lactose, 5 bile 
salts, 5 sodium chloride, 0.075 neutral red and 12.0 Agar. Fifty-two grams of 
dehydrated medium (Oxoid) were dissolved in one liter of distilled water, 
boiled to dissolve the ingredient. The pH was adjusted to 7.4. The medium 
was then sterilized by autoclaving at 121oC (15Ib/inch2) for 15 minutes, then 
poured into sterile Petri-dishes. 
2.5.1.2 Desoxycholate Citrate Agar (DCA) (Oxoid CM 227)  
 This medium contains (grams per liter) Lab-lemco powder 5, peptone 
5, lactose 10, sodium citrate 8.5, sodium thiosulfate 5.4, Ferric citrate 1, 
sodium desoxycholate 5, neutral 0.02, and agar 12. It was prepared by 
suspending 52 g of powder in 1 liter of distilled water, the pH adjusted in to 
7.3, then boiled over flame to dissolve completely, agitate to prevent 
charring. Cool to approximately 50°C and pour into sterile Petri dishes. 
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2.5.1.3 Nutrient agar (OxoidCM 3)  
This medium contains (grams per liter) of ‘Lab-Lemco’ powder 1.0, 
Yeast extract 2.0, peptone 5.0, sodium chloride 5.0 and agar 15.0. Twenty-
eight grams of the medium were dissolved in one litre of distilled water. The 
rehydrated medium was boiled to dissolve ingredients and the pH was 
adjusted to 7.4, then the medium was sterilized at 121ºC (15Ib/inch2) for15 
minutes .The medium was cooled to 45-50oC then poured in to sterile Petri 
dishes. 
2.5.1.4 Mueller-Hinton Agar (CM 337)  
 This medium used for cultivation of Niesseria and antimicrobial 
susceptibility testing. It contains of (grams per liter) Beef, dehydrated 
infusion from 300.0, Casein hydrolysate 17.5, Starch 1.5, Agar 17.0. Add 38 
g to 1 litre of distilled water. The medium dissolved completely by heating 
and sterilize by autoclaving at 121°C for 15 minutes. 
2.5.1.5 Urea agar base(Oxoid CM 53) 
          The medium consist (grams per liter)  of 1 peptone, 1 dextrose, 5  
sodium chloride, 1.2 disodium phosphate ,0.8 potassium dihydrogen 
phosphate, 0.012 phenol red and 15 agar No.3.2.4 g of the medium were 
dissolved in 95 ml of distilled water, boiled to dissolve the ingredients, 
sterilized by autoclaving at 115ºC (10 Ib/inch2) for 20 minutes and then 
cooled to 50ºC. Five ml of sterile 40% urea solution (Oxoid SR00 20) were 
added. Mix well, the medium was distributed in to sterile bottles in 10 ml 
amounts, and allowed to stand in slope position. 
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2.5.1.6 Simmon’s citrate medium (Oxoid CM  155)  
       Simmon citrate medium contained (grams per liter)  0.2 magnesium 
sulphate, 0.2 ammonium dihydrogen phosphate, 1 sodium ammonium 
phosphate, 2 sodium citrate, 5 sodium chloride, 0.08 bromothymol blue as 
indicator and 15 agar NO. 3.  
It was prepared according to manufacturer instructions by dissolving 
23g of powder in 1liter of distilled water. The prepared medium was 
distributed in 10 ml volumes in to clean bottles, sterilized by autoclaving at 
12 C (15 Ib/inch2) for 15 minutes, then left to solidify in inclined position. 
2.5.2 Semi solid media  
2.5.2.1 Motility medium   
           Thirteen grams of dehydrated nutrient broth (Oxoid CM 1) were 
added to 5g of Oxoid agar NO. 1 and dissolved in 1 liter of distilled water. 
The pH was adjusted to 7.4. The prepared medium was distributed in 5ml 
volumes in to clean test tubes which containing appropriate Cragie tubes, and 
then sterilized by autoclaving at 121ºC (15Ib/inch2) for 15 minutes. 
2.5.2.2 Hugh and Liefsons(o/f) medium  
          This medium was prepared as described by Barrow and Feltham 
(1993). Two grams of  peptone, 5 g of sodium chloride, 0.3 g potassium 
hydrogen phosphate (KHPO4) and 3 g agar were dissolved in one liter  of 
distilled water by heating in water bath at 55ºC. The pH was adjusted to 7.1, 
and the medium was filtered, then 15 ml of 0.2% aqueous solution of 
bromothymol blue was added as indicator. The medium was sterilized by 
autoclaving at 115ºC (10Ib/inch2) for 20 minutes. 
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        Sterile glucose solution was added aseptically to give final 
concentration of 1%. Then the medium was mixed and distributed aseptically 
in 10 ml amounts in to sterile test tubes. 
2.5.3 Liquid media 
2.5.3.1 Nutrient broth (Oxoid CM 1)   
The medium was prepared by adding 13 g of nutrient broth powder to 
one liter of distilled water and well mixed. The pH was adjusted to 7.4. The 
mixture was distributed in 5 ml volumes in to clean bottles and then sterilized 
by autoclaving at 121ºC (15 Ib/inch2) for 15 minutes. 
2.5.3.2 Selenite-f-broth  
According to manufacturer, the medium was prepared by dissolving 5 
g of peptone, 4 g mannitol, 10 g disodium hydrogen phosphate and 4 g 
sodium hydrogen Selenite in one liter of distilled water, The pH was adjusted 
to 7 and sterilized by steaming for 20 minutes, mixed well and dispensed in 
to sterile containers.   
2.5.3.3 Peptone water (Oxoid CM 9) 
           This medium was prepared by dissolving 10 g of peptone water and 5 
g sodium chloride in 1 liter of distilled water. The mixture was distributed in 
5 ml volumes in to clean bottles and sterilized by autoclaving at 121ºC (15 
Ib/inch2) for 15 minutes. 
2.5.3.4 Peptone water sugar  
           Peptone water sugar was prepared according to Barrow and Feltham 
(1993). Nine hundreds ml of peptone water were used in preparation of this 
medium. The pH was adjusted to 7.1-7.3, then 10 ml of Andrades indicator 
was added. The solution of the sugar used for a test was prepared by 
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dissolving 10 g of sugar in 90 ml DW. The specific sugar was added to the 
mixture of peptone water plus indicator, mixed thoroughly, distributed in to 
sterile test tubes containing Durham s tube then sterilized by autoclaving at 
115C (10Ib/inch) for 10 minutes. 
2.5.3.5 Glucose-phosphate medium (MR-VP test medium) 
            The ingredients of this medium were 5 g peptone, 5 g dipotassium 
hydrogen phosphate, 1000 ml DW, and 5 g  glucose . Peptone and phosphate 
were added to DW and steamed to dissolve. Then filtered and the pH was 
adjusted to 7.5 and sterilized by autoclaving at 115ºC (10Ib/inch). Sterile 
glucose was added mixed and dispensed in 10 ml amounts. 
2.5.3.6 Lysine decarboxylase broth (taylor modification) (CM 308)  
Medium contained (grams per liter) Yeast extract 3.0, Glucose 1.0, L-
lysine 5.0 and Bromocresol purple 0.016. Add 1 tablet to 5 ml of distilled 
water in an appropriate bottle. Sterilize by autoclaving at 121°C for 15 
minutes. 
2.6 Reagents and indicators  
2.6.1 Reagents  
2.6.1.1 Alpha-naphthol solution   
Alpha-naphthol is product of British Drug House (BDH); London. 
This reagent was prepared as 5% aqueous solution for Voges Proskauer (VP) 
test. 
2.6.1.2 Potassium hydroxide   
It was used for Voges Proskauer and was prepared as 40% aqueous 
solution. 
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2.6.1.3 Hydrogen peroxide  
        Hydrogen peroxide 30 percent produced by British Drug House 
London. It was diluted to prepare hydrogen peroxide solution for catalase 
test. 
2.6.1.4 Oxidase test reagent  
         This reagent was manufactured by British Drug House, London. It was 
prepared as fresh solution. To one percent tetramethyl-p-phenylene diamine 
aqueous solution, one percent ascorbic acid was added. Filter paper of 50 x 
50 mm was impregnated in the above reagent and dried at 50oC. 
2.6.1.5 Methyl red  
Methyl red used was a product of Hopkin and William and was 
prepared as five percent solution for the use in methyl red test. 
2.6.1.6 Kovac’s reagent  
  It was composed of 5 g p-dimethyl amino-benza aldehyde, 75ml amyl 
alcohol and 25 ml concentrated hydrochloric acid. The aldehyde was 
dissolved in alcohol by gentle warming in a water bath (50-55oC). It was 
cooled and then the acid was added with care. The reagent was protected 
from light and stored at 4 ºC for indole test. 
2.6.2 Indicators  
2.6.2.1 Lead acetate  
         Test papers for hydrogen sulphide test were prepared from a filter paper 
cut in to strips of 5-10 mm wide and 50-60 mm long and impregnated with 
the hot saturated lead acetate solution, then dried at 50-60oC and stored in 
screw-caped containers. 
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2.6.2.2 Andrade’s indicator  
It composed of 5 g acid fuchin, 1liter distilled water and 150 ml 
NaOH. The acid fuchin was dissolved in distilled water, then the alkali 
solution was added, and mixed. The solution was allowed to stand at room 
temperature for 24 h with frequent shaking until the color changed from red 
to brown. 
2.6.2.3 Bromothymol blue  
Bromothymol blue was obtained from BDH. The solution was 
prepared by dissolving 0.2g of bromothymol blue powder in 100 ml distilled 
water. 
2.6.2.4 Phenol red  
Phenol red was obtained from Hopkins and William Ltd, London. It 
was prepared as 0.2 % aqueous solution.   
2.6.2.5 Bromocresol purple (BDH)  
  Bromocresol purple was product of BDH. It was prepared by 
dissolving 0.2 g of the powder in 100 ml distilled water. 
2.7 Cultural Methods  
2.7.1 Methods for bacterial isolation and identification  
2.7.1.1Aerobic cultivation and purification  
For isolation Enterobacteriaceae species, swabs of sheep liver 
homogenate was inoculated on to the surface of Mac-Conkey agar and then 
incubated at 37ºC for 24 hours. The cultures were then purified by 
subculturing, then the purified cultures were examined for the general 
morphology of the colonies, the colour and the size of the colonies. 
For Salmonella species Samples were inoculated in to test tubes 
containing selenite-f-broth and then incubated aerobically at 37ºC for 24 
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hours. A loop of inoculated selenite-f-broth was streaked on a plate of 
desoxycholate citrate agar and incubated aerobically at 37ºC for 24 hours. 
Non-lactose fermenter colonies were purified by repeated subculture on 
nutrient agar. Pure isolates were stored on nutrient agar slopes in the 
refrigerator at 4ºC. 
2.7.1.2 Gram staining and microscopy 
           Gram stain was used to study morphology, shape and gram staining 
reaction of each isolate. Sterile loop was used to prepare emulsion from 
single colony on a clean slide. Thin smear was made and allowed to dry in air 
and then fixed by passing the slide over the flame. The slide was placed on 
rack and flooded with crystal violet stain for two minutes, then washed with 
water. The slide was then covered Lugol s iodine for one minute, rinsed with 
water. The smear was then decolorized by acetone or 70% alcohol. The slide 
was counterstained with diluted carbol fauchsin for one minute, rinsed by 
water and allowed to dry in air or dried by blotting with filter paper.  
The slide was examined by bright field microscope under (100x) 
magnification using oil immersion lens. Bacterial which consider as gram-
positive took the violet colour while those considered as gram-negative took 
red colour (Cowan, 1985) . 
2.7.2 Motility test  
The motility medium was prepared as described above and was 
inoculated by straight loop with the test culture to a depth of about 5ml and 
then incubated at 37ºC. Motile organism migrated through the medium, 
which became turbid. Growth of non motile organism was confined to the 
stab of inoculation. 
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2.7.3 Biochemical tests  
The purified isolates were identified by applying biochemical tests as 
described by Barrow and Feltham (1993).  
2.7.3.1 Catalase test  
A drop of 3% aqueous solution of hydrogen peroxide was placed on 
clean slide. A colony of test culture, on nutrient agar, was placed on the 
hydrogen peroxide. The test was considered positive when gas bubbles 
appeared on the surface of the culture material. 
2.7.3.2 Oxidase test  
Pieces of filter paper were soaked in freshly prepared 1% solution of 
tetra methyl-p-phenylene diamine dihdyrochloride. After draining for 30 
seconds, the papers were dried in the oven and stored in dark screw-capped 
bottles. The test was performed by placing the soacked dried filter paper strip 
on a clean Petri dish and then a fresh test culture on nutrient agar was picked 
by sterile glass rod and rubbed on the filter paper strip. When deep purple 
colour developed with in 5-10 seconds, the reaction was considered positive. 
2.7.3.3 Sugars fermentation test  
The peptone water sugar was prepared as described above and was 
inoculated with test culture. The tube was incubated and examined daily. 
Reddish colour indicated acid production, whereas gas production was 
indicated by developing of an empty space in the Durham’s tube. 
2.7.3.4 The oxidation fermentation test  
Two test tubes of Hugh and Leifson’s medium prepared as described 
above were inoculated with test culture. One tube was covered with a layer of 
sterile soft paraffin to a depth of about 1-2 cm. The two tubes were then 
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incubated at 37ºC and examined daily for up to 14 days. The organism was 
considered oxidative when acid production was noticed in the open tube only 
and when the acid was produced in both tubes, the organism was considered 
fermentative. 
2.7.3.5 Indole production test 
The test culture was inoculated into peptone water and incubated at 
37ºC for 48 h. One ml of Kovacs reagent was added to the tube. The 
appearance of a pink color in the reagent layer within a minute indicated 
positive reaction. 
2.7.3.6 Methyl red test  
The test culture was inoculated into glucose phosphate medium and 
then incubated at 37ºC for 48 h. Two drops of methyl red indicator were 
added and shaken well. Red color indicated positive reaction. Yellow or 
orange color indicated negative reaction. 
2.7.3.7 Voges-Proskauer test  
The test culture was inoculated into glucose phosphate medium and 
then incubated at 37 ºC for 48 h. One ml of cultured medium was transferred 
aseptically into sterile test tubes and then 0.6 ml of 5% alpha- naphthol 
solution was added, followed by 0.2 ml of 40% KOH aqueous solution. The 
test tube was shaken well and kept at slant position for 1 h. Positive reaction 
was indicated by strong red color. 
2.7.3.8 Urease test  
The test culture was inoculated onto slope of urea agar medium, 
incubated at 37 °C for 24 – 48 h, and examined daily for five days. The 
positive reaction was indicated by pink color. Negative and weak test were 
left for a week before reading. 
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2.7.3.9 Citrate utilization test 
The test culture was inoculated onto Simmon’s citrate medium, then 
incubated at 37ºC and examined daily for 7 days. Blue color indicated 
positive reaction. 
2.7.3.10 Hydrogen sulphide production  
A tube of peptone water was inoculated by test organism and lead 
acetate paper was inserted between the cotton plug and the tube, then 
incubated at 37°C and examined daily for a week. Blacken of the paper 
indicated H2S production. 
2.7.4 Antibiotic sensitivity test  
The sensitivity of isolates to antibiotic was determined by disc 
diffusion technique. The isolates were culture into nutrient broth and 
incubated at 37°C for 2 h. The plates which containing Mueller-Hinton Agar 
were then flooded with the 2 ml volume of the test culture. The inoculated 
culture was evenly distributed by rotation, the excess inoculum was 
withdrawn by sterile Pasteur pipette and the plate was left to dry at room 
temperature for 15 minutes. Commercially prepared antibiotics discs of 
Axiom laboratories (MD002 India) were placed on surface of the medium by 
sterile forceps and pressed gently to ensure good contact with the surface of 
the inoculated medium. The plate was then incubated at 37°C for 24 – 48 h. 
The sensitivity of the isolates was examined to the following antibacterial 
drugs: Ampicillin /Sulbactam (20 mcg), Co-Trimoxazole (25 mcg), 
Cefotaxime (30 mcg), Chloramphenicol (30 mcg), Ciprofloxacin (5mcg), 
Ceftizoxime (30 mcg), Tetracycline (30 mcg), Ofloxacin (5 mcg), 
Gentamicin (10 mcg) and Pefloxacin (5 mcg). The test organism was 
considered sensitive if there was zone of inhibition of 10 to 25 mm around 
the disc.  
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CHAPTER THREE 
RESULTS 
 
3.1 Isolation and identification : 
Ninety liver specimens were collected from different sources ; 15 
samples from Alkadro slaughterhouse in Khartoum North, and 20 specimens  
from  Alsalam slaughterhouse in Omdrman, 55 specimens from Khartoum 
North retail meat Market.Twenty three samples were prepared by washing 
the liver samples   by tape water and added  pea-nut butter, salt, lemon, 
Onions and Red hot pepper, analogous to the traditional method of  
preparation liver as a sudanese dish . 
The 90 samples gave 140 isolates, 23 (16.43% ) Citrobacter freundii 
,21 (15% ) Enterobacter cloacae , 20 (14.29% ) Providencia alcalifaciens , 
16 ( 11.43 %) Escherichia coli , 12 (8.57% )  Klebsiella pneumoniae subsp 
ozaenae , 11 (7.85% ) Escherichia fergusonii , 9 (6.42% ) Proteus mirabills , 
7 (5 %)   , 8(5.71% ) Serratia marcescens , 5 (3.57% ) Enterobacter 
aerogenes , 4 (2.86% ) Klebsiella pneumonia subsp pneumonia , 3 ( 2.14%) 
Salmonella subgenus, 1(.71% ) Salmonella paratyphi A , 1 (.71%   ) Proteus 
vulgaris biogroup 2 .  
3.1.1Bacteria isolated from sheep liver obtained from Alkadro 
slaughterhouse in Khartoum North  : 
All collected liver specimens (15 ) showed positive growth ,and they 
yielded 21isolates.15 (71.42%) Citrobacterfreundii, 3(14.28%) Escherichia 
fergusonii,2(9.52%)  Klebsiella pneumonia subsp ozaenae , 1 (4.76% ) 
Salmonella paratyphi A (Table 1).  
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3.1.2 Bacteria isolated from sheep liver obtained from Alsalam 
slaughterhouse in Omdrman. 
Of the 20 liver specimens collected, 11 specimens were positive for 
Enterobacteriaceae and yielded 11 isolates , 6 (54.54% ) Escherichia 
fergusonii , 3 (27.27% ) Enterobacter cloacae , 2 (18.18% ) Escherichia coli 
( Table 2). 
3.1.3 Bacteria isolated from retail meat Market in Khartoum North: 
A total of  55 specimens were survey .32 specimens examined  and 74 
isolates detected among  them, 16 (21.62% ) Providencia alcalifaciens , 10 
(13.51% ) Klebsiella pneumonia subsp ozaenae , 10 (13.51% ) Escherichia 
coli , 8 (10.81% ) Proteus mirabills , 8 (10.81% ) Citrobacter freundii , 6 
(8.1% ) Enterobacter cloacae , 5 (6.75% ) Morganella morganii , 4 (5.4% ) 
Klebsiella pneumonia subsp pneumonia , 3 (4.05% )  Salmonella subgenus I 
,1 (1.35% ) Escherichia fergusonii , 1 (1.35%  )  Enterobacter aerogenes ,  2 
(2.70%  ) Serratia marcescens. (Table 3) . 
The remain  23 samples prepare as uncooked liver dishes , all samples 
showed positive growth , and they yielded 34 isolates ,11 (32.35%) 
Enterobacter cloacae , 6 (17.65%) Serratia marcescens, 4 (11.76%)  
Escherichia coli , 4 (11.76%) Enterobacter aerogenes , 4 (11.76%) 
Providencia alcalifaciens , 2 (5.88% ) Morganella morganii , 1 (2.94% ) 
Proteus mirabills , 1 (2.94%  ) Proteus vulgaris biogroup 2  , 1 (2.94%  ) 
Escherichia fergusonii. (Table 4).  
3.2 Properties of Enterobacteriaceae : 
3.2.1 Cultural properties : 
3.2.1.1 Growth in liquid media : 
 Growth of salmonella in selenite-f-broth was detected by brown 
precipitate in the medium after 24 hours of incubation at 37 °C .  
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 Growth of Enterobacteriaceae in nutrient broth was indicated by the 
formation of turbidity and slight white sediment after 24 hourse of incubation 
at 37 °C . 
3.2.1.2 Growth on solid media : 
 Growth of salmonella on deoxycholate citrate agar showed slight 
opaque dome- shaped colonies with central black spots (indicated production 
of hydrogen sulfide) surrounded by azone of clearance . 
  On MacConkey’s agar  Escherichia species and Citrobacter freundii 
they gave pink-red colonies indicating lactose fermentation ,  Enterobacter 
species and Klebsiella species gave pink-red and larger mucoid colonies , 
Proteus and Salmonella species gave pale non lactose fermenting colonies . 
3.2.2 Microscopic properties :  
 All were gram-negative rods. All look similar in the gram-stained 
smear . 
3.2.3 Biochemical reactions :  
The Enterobacteriaceae are very active biochemically and can be 
identified with awide variety of tests(Table 5) . 
3.2.4 Antibacterial sensitivity of isolated bacteria : 
 The number and percentage of sensitive isolates to antibacterial drugs 
were presented in table (7) . The isolates were highly sensitive to 
Chloramphenicol (100%) , followed by Ciprofloxacin (96.23%) , 
Ceftizoxime (94.34%) , Co-Trimoxazole (92.45%) , Ofloxacin (88.68%), 
Pefloxacin (83.02%) , Cefotaxime (75.47%) , Gentamicin (73.58%) , while 
the isolates were highly resistant to Ampicillin /Sulbactam 
(92.45%),followed by Tetracycline (71.70%) . 
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Table 1. Bacteria isolated from sheep livera obtained from Alkadro 
slaughterhouse in Khartoum North . 
 
Enterobacteriaceae species 
  
Number of 
isolates  
  Isolation 
frequency * 
 Isolation 
percentage**  
Citrobacterfreundii 15 100% 71.42% 
Escherichiafergusonii 3 20% 14.28% 
Klebsiella pneumonia subsp 
ozaenae 
2 13.33% 9.52% 
Salmonella paratyphiA 1 6.67 4.76% 
Total number of isolate 21  
     
Table 2. Bacteria isolated from sheep liverb obtained from Alsalam 
slaughterhouse in Omdrman. 
Enterobacteriaceae species 
 
Number of 
isolates 
 Isolation 
frequency * 
 Isolation 
percentage** 
Escherichia fergusonii 6 30% 54.54% 
Enterobacter cloacae   3  15% 27.27%  
Escherichia coli 2 10% 18.18% 
Total number of isolate 11  
 
a Total number of liver specimens = 15 
b Total number of liver specimens = 20 
* The isolation frequency calculated from number of samples examined . 
** The isolation percentage calculated from number of isolates . 
  
         
 40
Table 3. Bacteria isolated from retail meat Marketa in Khartoum North. 
                                                                          
Enterobacteriaceae species Number of 
isolates 
 Isolation 
frequency * 
 Isolation 
percentage** 
Providencia alcalifaciens 16 50% 21.62% 
Klebsiella pneumonia 
subsp ozaenae 
10 31.25% 13.51% 
Escherichia coli 10 31.25% 13.51% 
Proteus mirabills   8 25% 10.81% 
Citrobacter freundii 8 25% 10.81% 
Enterobacter cloacae   6 18.75% 8.1% 
Morganella morganii  5 15.63% 6.75% 
Klebsiella pneumonia 
subsp pneumonia   
4 12.5% 5.4% 
  Salmonella subgenus I  3 9.38% 4.05% 
Serratia marcescens  2 3.13% 2.70% 
Escherichia fergusonii   1 3.13% 1.35% 
Enterobacter aerogenes  1 3.13% 1.35% 
Total number of isolate 74  
 
a Total number of liver specimens = 32 
*The isolation frequency calculated from number of samples examined . 
** The isolation percentage calculated from number of isolates . 
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Table 4.Bacteria isolated from prepared liver dishesa : 
 
Enterobacteriaceae species Number of 
isolates 
 Isolation 
frequency * 
 Isolation 
percentage** 
Enterobacter cloacae  11 47.83% 32.35% 
Serratia marcescens 6 26.08% 17.65% 
Escherichia coli   4 17.40% 11.76% 
Enterobacter aerogenes   4 17.40% 11.76% 
Providencia alcalifaciens   4 17.40% 11.76% 
Morganella morganii   2 8.70% 5.88% 
Proteus mirabills  1 4.35% 2.94% 
Proteus vulgaris biogroup 2   1 4.35% 2.94% 
Escherichia fergusonii   1 4.35% 2.94% 
Total number of isolate 34  
 
a Total number prepared liver dishe = 23 
*The isolation frequency calculated from number of samples examined . 
** The isolation percentage calculated from number of isolates . 
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Table 5  Biochemical Reaction of isolated bacteria :  
SUC SORSALLAINOARBINDVPMRLYSMALH2SURECITMO Enterobacteriaceae 
species 
 
d + d d − + + − + d − − − − d Escherichia coli 
− − + d − + d − + + − d − d + Escherichia 
fergusonii 
+ + + d − + − d d − + − d + d Enterobacter 
cloacae 
+ + + + + + − d d + +  − − + + Enterobacter 
aerogenes 
− − − − − − − − d − − + + d + Proteus mirabills 
+ − + − − − + − + − − + + d d Proteus vulgaris 
biogroup 2 
d + − + − + d − + − − + d + + Citrobacter 
freundii 
+ + + − + − − + − + − d d + + Serratia 
marcescens 
d − − − − − + − + − − d − d d Providencia 
alcalifaciens 
− − − − − − + − + − − + + − + Morganella 
morganii 
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Table 5 continue : 
SUC SORSALLAINOARBINDVPMRLYSMALH2SURECITMO Enterobacteriaceae 
species 
 
− + − − − + − − + − − d − − + Salmonella 
paratyphi A 
− + − − d + − − + + − + − + + Salmonella 
subgenus I 
d + + d d + − − + d − − d d − Klebsiella 
pneumonia subsp 
ozaenae 
+ + + + + + − − + + +  − + +  − Klebsiella 
pneumonia subsp 
pneumonia 
 
(+) Positive                     (-) Negative 
 
MO (Motility) , CIT (Citrate utilization) , URE (urease) ,  H2S (Pb Ac paper)  , MAL (Malonate) , LYS (Lysine 
decarboxylase) , MR  test (37°C) , VP test (37°C), IND Indole , ARB Arabinose , INO  Inositol , LA Lactose , SAL 
Salicin , SOR Sorbitol , SUC  Sucrose. 
 
 
44 
 
Table 6  Sensitivity of bacterial species isolated from Alkadro slaughterhouse, Alsalam slaughterhouse and from 
Khartoum North retail meat Market . 
 
NO. of isolates inhibited by antibacterial drugs. No. of 
isolates 
Enterobacteriaceae 
species 
 
OF PFGMASBACFCHCPCI TE 
3+++ 
5++ 
1+ 
2+++ 
5++ 
2+ 
4+ 
−5 
2+ 
−7 
6+++ 
3++ 
3+++ 
4+ 
−2 
6+++ 
3++ 
6++ 
3+ 
3+++ 
6++ 
1++ 
2+ 
−6 
9 Escherichia coli 
2+++ 
7++ 
3+++ 
5++ 
1+ 
7+ 
−2 
−9 3++++
4+++ 
2++ 
5+ 
−4 
6+++ 
3++ 
5+++ 
4++ 
2+++ 
5++ 
2+ 
3+ 
−6 
9 Escherichia 
fergusonii 
4+++ 
4++ 
1+ 
1++++
6++ 
2+ 
1+++ 
1++ 
5+ 
−2 
−9 1++++
3+++ 
5++ 
3+++ 
3+ 
−3 
1++++
5+++ 
3++ 
1++++
5+++ 
3++ 
1++++
8++ 
1+ 
−8 
9 Enterobacter 
cloacae 
7+ 
−2 
 
1++ 
4+ 
−4 
1++ 
7+ 
−1 
−9 3++++
5++ 
−1 
2++++
5++ 
−2 
1++++
5+++ 
3++ 
2++++
1+++ 
5++ 
−1 
1++++
5+++ 
3++ 
3+ 
−6 
9 Providencia 
alcalifaciens 
3++ 
−1 
2++ 
−2 
4+ −4 2+++ 
−2 
2++ 
−2 
3+++ 
1+ 
3++ 
−1 
1+++ 
−3 
1+ 
−3 
4 Morganella 
morganii 
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Table 6  continue :  
NO. of isolates inhibited by antibacterial drugs. No. of 
isolates 
Enterobacteriaceae 
species 
 
OF PFGMASBACFCHCPCI TE 
4+++ 
3+ 
−2 
4+++ 
3+ 
−2 
5+ 
−4 
2+ 
−7 
5++++
3++ 
−1 
4+++ 
5+ 
1++++
8+++ 
1++++
5+++ 
3++ 
3++++
6++ 
4++ 
−5 
9 Klebsiella 
pneumonia subsp 
ozaenae 
++ ++ + − ++ +++ +++ ++ + − 1 Salmonella 
paratyphi A 
2+++ 
−1 
2++ 
−1 
2++ 
1+ 
−3 2+++ 
1++ 
1+++ 
2++ 
3+++ 3++ 1+++ 
2++ 
−3 3 Salmonella 
subgenus  
 
(TE) Tetracycline (30mcg), (CI) Ceftizoxime (30mcg) , (CP) Ciprofloxacin (5mcg), (CH) Chloramphenicol (30 mcg ), (CF) 
Cefotaxime (30 mcg ) , (BA) Co-Trimoxazole (25mcg) , (AS) Ampicillin /Sulbactam (20mcg) , (GM ) Gentamicin (10mcg) 
,(PF) Pefloxacin (10mcg), (OF) Ofloxacin (5mcg). 
Inhibition zone : (++++) = 25 mm , (+++) = 20 mm , (++) = 15 mm , (+) = 10 mm , (−) no inhibition .
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Table 7  : Susceptibility of 53 bacterial isolates to antibiotic . 
Antibacterial 
drug 
No.of 
isolates 
examined
No. of sensitive 
Isolates(percentage)
No. of resistant 
Isolates(percentage)
Tetracycline 53 15(28.30%) 38(71.70%) 
Ceftizoxime 53 50(94.34%) 3(5.66%) 
Ciprofloxacin 53 51(96.23%) 2(3.77%) 
Chloramphenicol 53 53(100%) 0(0%) 
Cefotaxime 53 40(75.47%) 13(24.53%) 
Co-Trimoxazole 53 49(92.45%) 4(7.55%) 
Ampicillin 
/Sulbactam 
53 0(0%) 53(100%) 
Gentamicin 53 39(73.58%) 14(26.42%) 
Pefloxacin 53 44(83.02%) 9(16.98%) 
Ofloxacin 53 47(88.68%) 6(11.32%) 
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CHAPTER FOUR  
DISCUSSION  
 
This work was carried out to investigate the contamination of  edible 
sheep liver with Enterobacteriaceae species , the samples collected from 
Alkadro slaughterhouse in Khartoum North , Alsalam slaughterhouse in 
Omdrman and Khartoum North retail meat Market. 
The visceral organs offal removed from poultry and mammals are not 
distributed as part of the carcass. Due to their high vitamin contents, organ 
meats, particularly liver, are employed in a large number of dishes .  
Consumption of raw sheep livers  is a favourite dishes in many 
occasion in the Sudanese society. The dishe prepared from offals including 
rumen , reticulum , omasum , lung and liver is called marara . Although some 
people prefar to prepare adish of raw liver only with out other offal , add pea-
nut butter , salt , limon juice , red hot pepper, onions  to be tasty. Iprepare 
dishes similar to latter one and investigate the  presence of 
Enterobacteriaceae species .                              
 Coliform represents a group of species from several genera, namely, 
Escherichia, Enterobacter, Klebsiella, Citrobacter,and probably Aeromonas 
and Serratia. (Hitchins et al ., 1992 ). Fecal coliform bacteria also constitute a 
group of  bacteria and include those coliforms whose specificity as fecal 
contaminants is much higher than that of coliforms. This group includes 
mostly Esc. coli, along with some Klebsiella and Enterobacter spp. Some 
fecal coliforms are present in raw foods of animal origin , high numbers can 
be due to either gross contamination or growth from a low initial level, 
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probably because of improper storage temperature. (Hitchins et al ., 1992 
;Matches and Abeyta , 1983). 
One criticism of using coliforms and faecal coliforms is that their 
absence could give a false reassurance of safety when lactose-negative 
organisms predominate. The lactose-negative organisms include, not only  
Salmonella and Shigella, but also enteroinvasive strains of E. coli (EIEC) such 
as O124. For this reason, tests for the whole of the Enterobacteriaceae are 
increasingly being used. (Adams andMoss ,2008).  
To ensure consumer safety, it is necessary to know that a food is either 
free of some enteric pathogens, such as Salmonella serovars and Escherichia 
coli O157:H7, or contains low levels of some other enteric pathogens , such as 
Yersiniaenterocolitica and Vibrio parahaemolyticus. (Ray,   2004) . 
Poor meat hygiene practices in the slaughter houses before and after 
slaughter would lead to the meat contamination and its products  
(FAO/WHO,1962 and Thornton,1968) emphasized that meat hygiene should 
be observed at all stages of meat production till it reaches the consumer as 
fresh and safe meat .  
The genera Salmonella identified in this work indicate the public health 
hazards ,Chart( 2007) emphasized that no other zoonosis is as complex in its 
epidemiology and control as salmonellosis . 
Importance of  Klebsiella pneumoniae subsp ozaenae isolated in the 
current study that is cause of a fetid progressive atrophy of mucous 
membrane. (Brooks et al., 1998).  
These results are in agreement with Abu salma (1995) who isolated 
Escherichia coli , proteus vulgaris ,when examined sheep liver samples from 
Omdurman Cente ral  Abattoir .   
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These findings are also in coordinate with Little et  al., (2008) and 
Arroyo and Arroyo, (1995) who isolated  Salmonella spps from edible lamb 
organ meats purchased from markets . 
Escherichia coli and Proteus spp  isolated in these study confirm with 
Salih (1971)  who isolated Escherichia coli Proteus spp from  ovine  offals 
collected  from Omdurman  central  slaughterhouse  and  retail meat markets  
at  Omdurman  . 
Salih (1971) isolated Salmonella dublin from one liver out of 90 
samples collected from Omdurman central abattoir and two samples were 
positive for Salmonella havana and Salmonella wein when examined samples 
collected from retail meat markets  at  Omdurman  . In my work Salmonella 
isolated was Salmonella paratyphi A from one liver out of 15 samples 
collected from Alkadro slaughterhouse in Khartoum North and Salmonella 
subgenus I from 3 liver out of 32 samples collected from Khartoum North 
retail meat markets . The only one isolated of   Salmonella paratyphi A can be 
trace to human source, because  Typhi and Paratyphi A , B , C , are rarely , if 
ever , isolated from animals other than man (Chart, 2007) .  
Shigella  as a meat contaminant was reported in the sudan by Salih 
(1971) and Sanosi et al. (1986) . In this investigation the results were free of 
these important enteric pathogen . 
Enterobacter spp isolated from slaughterhouse and  retail meat Market 
agreed with  the a study of   spoilage  of lamb livers by  Gill  and DeLacy( 
1982). Who isolated Enterobacter spp from surface  , drip from the whole 
livers and the  deep tissues . 
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 According to Silliker et al.,(1980) Escherichia species , Enterobacter 
species , Proteus  species and  Serratia species isolated in my work   consider 
as food spoilage bacteria  .       
Our results confirm the observation of  Fatima , (1985) that the most 
frequent  coliform bacteria present in meat were Escherichia coli , Klebsiella 
species , Citrobacter species ,  Enterobactere cloacae . 
The present results identical   with Ajit and Misra, (1990) who isolated 
Salmonella from lymph nodes  and  isolated  Escherichia coli, Citrobacter , 
Klebsiella , Proteus from muscles of slaughter sheep . 
The Enterobacteriaceae species isolated from retail meat market in the 
present investigation identical with Brahmbhatt and Anjaria (1993) , who 
examined samples of raw meat obtained from shops and isolated Escherichia 
coli, Citrobacter freundii , Klebsiella pneumonias, Proteus mirabilis, 
Enterobactere aerogenes. 
Abu salma (1995) study the microbial hazards associated with 
consuming raw edible ovine (Marara) and bovine offals (Umfitfit) , and 
isolated  Escherichia coli , Proteus vulgaris , Citrobacter species , Klebsiella 
pneumonia , Shigella sonnei . In the present work  bacteria isolated was 
Enterobacter cloacae , Serratia marcescens , Escherichia coli , Enterobacter 
aerogenes , Providencia alcalifaciens , Morganella morganii , Proteus 
mirabills , Proteus vulgaris biogroup 2  , Escherichia fergusonii ,According to 
the  result of these studies further research work on the possible public health 
hazard of consuming raw edible offals specialy for potential human 
pathogens. 
The isolates were highly sensitive to Chloramphenicol, followed by 
Ciprofloxacin, Ceftizoxime, Co-Trimoxazole  , Ofloxacin, Pefloxacin  , 
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Cefotaxime, Gentamicin  , and they were highly resistant to Ampicillin 
/Sulbactam ,followed by Tetracycline  . 
 The routine practice of giving antimicrobial drugs in animal husbandry 
as a means of preventing and treating diseases is an important factor in the 
emergence of antimicrobial drug-resistant bacteria that are subsequently 
transferred to humans through the food chain (Angulo et al., 2000; Tollefson 
et al., 1997; Witte, 1998) . 
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CONCLUSION AND RECOMMENDATIONS 
Conclusion : 
1. Coliform bacteria isolated from livers collected from slaughterhouse 
and retail meat Market indicated contamination with 
Enterobacteriaceae species. 
2. Species isolated from livers obtained from retail meat market were 
more than that isolated from slaughterhouse which might indicate the 
bad hygiene in handling and storage . 
3. Consumption of uncooked liver dishes expose the public to  foodborne 
diseases . 
4. Salmonella species isolated are of significance because of their 
importance in Food poisoning . 
 
Recommendations : 
  
1. Hygienic regulation must be followed in slaughterhouses  to 
reduce contamination . 
2. During transportation meat must be well cooled and protected 
from contamination . 
3. Efforts at retail meat Market  should prevent contamination or 
recontamination from dust or human sources and  install  proper 
sanitation and storage. 
4. The present study calls for further research work on the possible 
health hazardous of consuming raw edible ovine and bovine 
offals .  
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